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The Wnt pathway and the recently described Xenopus homeobox gene Siamois share the ability to mimic Nieuwkoop
organizer signaling activity when ectopically expressed, prompting us to ask whether the Wnt pathway can activate Siamois
expression. We show that activators of the Wnt pathway, and the dorsalizing substance LiCl, activate Siamois expression
in Xenopus animal caps. Furthermore, Siamois expression is shown to be activated by b-catenin cell-autonomously.
Although certain TGF-b family members, such as Vg1, are potent dorsal mesoderm inducers, the TGF-b pathway only
weakly activated Siamois. Finally, we demonstrate that Siamois expression is eliminated from the marginal zone of UV-
irradiated Xenopus embryos, supporting the hypothesis that cortical rotation moves a Wnt-like activity into the dorsal
region. These results suggest that formation of the Nieuwkoop organizer is dependent on activation of Siamois by a localized
Wnt-like signaling activity, which may act synergistically with a vegetally localized TGF-b signal. q 1996 Academic Press, Inc.
INTRODUCTION the Spemann organizer gene goosecoid (gsc) (Cho et al.,
1991), which cannot be activated by the Wnt pathway alone,
but is strongly activated by TGF-b signals (Steinbeisser etSpeci®cation of the dorsal±ventral axis in Xenopus is a
al., 1993; Watabe et al., 1996), Siamois is only weakly acti-multistep process. The dorsal vegetal cells (the ``Nieuw-
vated by TGF-b signaling. Finally, we show that Siamois iskoop organizer'') are activated as a signaling center, which
expressed at high levels in the vegetal region of UV-irradi-in turn activates the Spemann organizer at the equator of
ated embryos, consistent with the proposal that a Wnt-typethe embryo (reviewed in Kimelman et al., 1992). Since ec-
dorsalizing activity is moved to the dorsal marginal zonetopic Wnt expression mimics the Nieuwkoop signal (Smith
by a rotation of the cortex (Fujisue et al., 1993; Holowaczand Harland, 1991; Sokol et al., 1991), it has been a candi-
and Elinson, 1995).date for the factor released from the Nieuwkoop organizer.
However, ectopic expression of a dominant-negative mu-
tant of Xgsk-3 (Xgsk-3K r R), which intracellularly acti-
MATERIALS AND METHODSvates the Wnt pathway (Dominguez et al., 1995; He et al.,
1995; Pierce and Kimelman, 1995), also mimics the Nieuw- Embryo Manipulations
koop signal (He et al., 1995; Pierce and Kimelman, 1995),
Fertilized Xenopus embryos were obtained and staged as de-suggesting instead that the pathway functions to induce the
scribed (Pierce and Kimelman, 1995). For LiCl treatment, 32- toNieuwkoop organizer.
64-cell stage embryos were placed in 0.3 M LiCl, 0.31 MMR forThe identi®cation of the novel homeobox gene Siamois
10 min. UV-ventralized embryos and animal cap explants werehas helped to clarify this issue (Lemaire et al., 1995). Sia-
obtained as described (Pierce and Kimelman, 1995). Embryo dissoci-mois is expressed in the dorsal vegetal cells and mimics
ation experiments were as described (Lemaire and Gurdon, 1994),
the Nieuwkoop organizer by inducing a second axis when except that the vitelline membrane was removed at the 8-cell stage
ectopically expressed in vegetal cells (Lemaire et al., 1995). and animal-half blastomeres were collected.
This ®nding suggests that the Wnt pathway activates Sia-
mois in the dorsal vegetal cells and that Siamois then con-
RNA Synthesis and RT±PCR Assaytributes to formation of the Spemann organizer. In support
of this hypothesis, we show that Siamois is cell-autono- RNA synthesis was as described (Pierce and Kimelman, 1995).
In all experiments, the total RNA injected was: 0.5 ng b-catenin,mously activated solely by the Wnt pathway. In contrast to
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FIG. 1. Siamois is activated by b-catenin in animal cap explants. (A) Siamois is strongly activated by b-catenin, but weakly by BVg1.
One-cell embryos were injected at the animal pole with b-catenin or BVg1 RNA. Animal caps were removed at stage 9, and RNA was
analyzed at stage 10. Lane 1, whole embryos; lanes 2±4, animal caps from uninjected (lane 2), b-catenin RNA-injected (lane 3), and BVg1
RNA-injected (lane 4) embryos. (B) Xgsk-3K r R and LiCl induce Siamois, but noggin does not. Animal caps were isolated and analyzed
as in (A) from uninjected (lane 1), Xgsk-3K r R RNA-injected (lane 2), noggin RNA-injected (lane 3), and LiCl-treated (lane 4) embryos.
(C) b-Catenin induces Siamois in dissociated blastomeres. Fertilized eggs were placed in Ca/Mg-free media following jelly coat removal,
and then 20±30 embryos were injected with b-catenin RNA at the 4-cell stage (lanes 2 and 3). The vitelline envelope was removed from
the injected embryos at the 8-cell stage, and the animal hemisphere cells were isolated and maintained in Ca/Mg-free buffer until stage
10 (lane 2). One-half of the dissociated blastomeres were reaggregated at stage 9 (lane 3). Uninjected embryos were similarly dissociated
(lanes 4 and 5), except that the whole embryo was analyzed. A portion of these blastomeres were reaggregated at stage 9 (lane 5).
50 pg BVg1, 1 ng Xgsk-3K r R, 0.2 ng noggin, or 4 ng ARD. EF-1a, jected with b-catenin RNA in the animal hemisphere at the
gsc, and Xbra primers were as described (Hemmati-Brivanlou et 4-cell stage. The vitelline envelope was removed at the 8-
al., 1994; Hemmati-Brivanlou and Melton, 1994), and the Siamois cell stage, and the animal blastomeres were separated and
primers were 5*-CTCCAGCCACCAGTACCAGATC-3* and 5*- cultured in Ca/Mg-free buffer with gentle agitation until
GGGGAGAGTGGAAAGTGGTTG-3*. RNA was isolated using
stage 10. In addition, uninjected embryos were placed intoTRI-Reagent (Molecular Research Center) following the manufac-
the Ca/Mg-free buffer at the same stage. As a control, aturer's instructions. The reverse transcriptase and PCR conditions
portion of the dissociated cells from the animal blastomereswere as described (Hemmati-Brivanlou and Melton, 1994). In some
and whole embryos were reaggregated at stage 9 as describedcases, the autoradiographs were analyzed by densitometry.
(Lemaire and Gurdon, 1994). As previously shown, dissocia-
tion of whole embryos reduced the level of Xbra to back-
ground levels (Lemaire and Gurdon, 1994) (Fig. 1C, compareRESULTS AND DISCUSSION
lanes 4 and 5). In the same experiment, dissociated animal
blastomeres containing ectopic b-catenin expressed Sia-We ®rst tested whether the Wnt signaling pathway could
mois (Fig. 1C, lane 2), demonstrating that b-catenin caninduce the expression of Siamois using b-catenin, which is
activate Siamois cell-autonomously, although we do notan intracellular activator of the Wnt pathway (Yost et al.,
rule out an enhancing function of intercellular signaling.1996, and references therein). As shown in Fig. 1A, b-ca-
Goosecoid is strongly activated in equatorial cells, but istenin strongly induces Siamois in animal caps, but only
not induced in the animal cap by Xwnt-8 (Steinbeisser etweakly induces gsc (Fig. 1A, lane 3). In comparison, BVg1
al., 1993) or b-catenin (Fig. 2A, lanes 3 and 4), indicating(Thomsen and Melton, 1993) is a potent activator of gsc,
that factors at the vegetal zone, such as Vg1, act synergisti-but it only weakly induces Siamois (Fig. 1A, lane 4). To
cally with the Wnt pathway (Moon and Christian, 1992).ensure that the activation of Siamois was not limited to b-
This result has been veri®ed in an elegant analysis of the gsccatenin, we tested two other potential activators of the Wnt
promoter (Watabe et al., 1996). To ask whether the marginalpathway, Xgsk-3K r R and LiCl. Both of these induced Sia-
zone enhances Siamois expression, animal pole or ventralmois, whereas the signaling factor noggin (Smith and Har-
marginal zone (VMZ) explants were dissected from embryosland, 1992) did not (Fig. 1B). Thus, unlike gsc, Siamois is
that had b-catenin injected into these regions. As shown ininduced by the Wnt pathway and only weakly by the TGF-
Fig. 2A, the VMZ was 4-fold more responsive to b-cateninb pathway.
RNA than the animal pole (Fig. 2A, lanes 3 and 4). WeSince b-catenin and Xgsk-3K r R can induce the forma-
reasoned that the difference between the marginal zone andtion of the dorsal axis non-cell autonomously (He et al.,
animal pole might be due to TGF-b signals that normally1995; Pierce and Kimelman, 1995), we asked if b-catenin
enhance the expression of Siamois. To test this, a dominant-could autonomously activate Siamois. Embryos were placed
in Ca/Mg-free buffer soon after fertilization and then in- negative type II TGF-b receptor (ARD) (Hemmati-Brivanlou
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FIG. 2. Regulation of Siamois in whole embryos. (A) b-Catenin activates Siamois in the animal cap and VMZ. b-catenin (lanes 3 and
4) and BVg1 (lanes 5 and 6) RNA was injected into the animal pole or VMZ, as indicated, and then these regions were isolated at stage
10 and analyzed. (B) Dominant-negative activin receptor (ARD) partially inhibits Siamois expression. Embryos were marked at the future
DMZ with Nile blue at the 4-cell stage and injected with ARD RNA. At stage 10, the Nile blue mark was used to isolate the DMZ from
these embryos. Lane 1, uninjected; lane 2, ARD RNA-injected. (C) UV irradiation restricts Siamois expression to the vegetal pole. At
stage 10 the animal cap (lane 1), DMZ (lane 2), VMZ (lane 3), and vegetal pole (lane 4) were isolated from control embryos, and the entire
marginal zone (lane 5) and vegetal pole (lane 6) were isolated from UV-irradiated embryos.
and Melton, 1992) was injected into the future dorsal meso- nizer is dependent on two signals: the Wnt pathway, acting
primarily through Siamois, and the TGF-b pathway, provid-derm at the 4-cell stage, which was marked with the vital
dye Nile blue. At the start of gastrulation, the dorsal mar- ing a vegetally localized signal.
ginal zone (DMZ) was isolated using the Nile blue mark as
an indicator since ARD eliminates the formation of the
dorsal lip. This lead to a 6-fold reduction in the levels of ACKNOWLEDGMENTS
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